This paper examines the price discovery and volatility spillovers between spot and futures as well as futures prices of three strategically linked oil markets viz., ICE, MCX and NYMEX from 05 February, 2006 to 15 October, 2012. The results confirm the long-run relationship between futures and spot prices in each market, futures prices lead spot prices in the price discovery process. Analysing the futures prices, we find that ICE is the most dominant futures trading platform followed by NYMEX and MCX in price discovery process. Thus, MCX an emerging market platform seems to act like a satellite market vis-à-vis international platforms. The volatility spillover results suggest that there is a long-term spillover from ICE to MCX and from MCX to NYMEX. The volatility information seems to flow from NYMEX to ICE. The GARCH-CCC & DCC model results confirm both cross market and with in market co-movements which become weak during the crisis period and tend to become stronger during the stable period. The study provides relevant implications for policy makers and market traders. The outcome of this study contributes to commodity market literature especially relating to information transmission between strategically linked markets.
Introduction
Since, the early 1970s, the frequent upheavals in energy market especially the price of crude oil have always been an issue of great concern for academician, regulators and policy makers owing to its adverse impact on the macroeconomic fundamentals of the global economy. In this regard, an important issue that has garnered a great deal of attention of researchers and policy makers is of testing the efficient market behaviour of energy markets particularly the crude oil with respect to their price discovery and volatility spillover potentials (Lean, McAleer and Wong, 2010) . In recent years, especially after the global economic crisis of 2008, there have been significant changes in the energy markets worldwide particularly the crude oil. In the literature, studies have considered several factors such as globalization, changing economic dynamics, international relations and global politics, war, technological innovations and developments in energy market and the recent financial crisis that has shifted the economic and political focus from west to east, as responsible for volatile energy market environment that has also increased the need of market players to hedge the investment risk using derivatives such as futures and options of energy products (Nomikos and Andriosopoulos, 2012) . In international commodity market, crude oil market is characterized as an umbrella market because of large variety of products such as West Texas Intermediate (WTI); Brent Blend (BB); Maya, Bonny Light (BL) and Dubai-Fateh (DF) . Among these crude oils, WTI and BB are considered as light and sweet crude oil because of higher API gravity index (Note 1) compared to others (Kaufmann and Ullman, 2009 ). Hence, WTI and BB are widely used for domestic and industrial purposes. In both mature and emerging markets, WTI and BB are also highly traded crude oil on their trading platforms. In terms of recent trends, WTI is being taken as a benchmark for price determination for crude oil industry. Keeping these issues in mind, this paper attempts to examine the price discovery and volatility spillovers between futures and spot prices and between futures prices of WTI traded on three commodity trading platforms viz., New York Mercantile Exchange (NYMEX), Inter-Continental Exchange (ICE) and Multi Commodity Exchange (MCX). It may be noted that NYMEX and ICE are two principle platforms for oil trading at global level, and hence compete with each other for price leadership role in crude oil market (Goyal and Tripathi, 2012) . MCX is the major commodity exchange in India. India is a fast emerging trillion dollar economy for which crude oil is an important item in the import bill (Chakrabarty and Chakravarty, 2012) . Hence, MCX in our case represents an emerging market platform which shall help us in understanding the information transmission process between mature and emerging economies relating to an international commodity like crude oil. In futures markets, a market is characterized as dominant market when it assimilates all the new information more quickly in its price and has stronger volatility spillovers to other markets (Hong, 2001) . Under efficient market hypothesis (EMH), it is assumed that all the publicly available information must be incorporated into the price of traded assets and no one should have lead in making speculation and arbitrage, but in a technology driven complex financial system, it is often observed that the process of information transmission is not as symmetrical as it is understood (Tangerås, 2012) . Therefore, this motivates the researchers and policy makers to investigate the energy market platforms with respect to their price discovery and volatility spillover potential. In literature, price discovery implies the lead-lag relationship between futures and spot prices in a market and between futures prices in two different markets (Tse,1999) . Under cointegration framework, it implies the establishment of long-run equilibrium relationship. In the event of any departures from equilibrium due to exogenous shocks, price discovery also takes into account the speed of adjustment of a market towards equilibrium price. Econometrically, such process is called as error correction mechanism (see, Zhong, Darrat, and Otero, 2004; Rittler, 2012) . Besides, price discovery, volatility spillover also plays important role in information transmission as it highlights the process through which volatility in one market affects that of another market (Chan, Chan and Karolyi, 1991) . The present study is particularly important in light of the increasing integration of global commodity markets that has generated interests for understanding the volatility spillovers from one market to another. These spillovers are usually attributed to the cross-market hedging and changes in commonly available information, which may simultaneously impact the expectations of various participants across markets (Engle, Ito and Lin, 1990) . More specifically, volatility spillover examines information assimilation in two different ways: firstly, in terms of own-volatility spillovers under lagged innovations (information) and lagged volatility spillover effects, as it highlights whether lagged information and lagged volatility of an asset traded on an exchange impacts current volatility or not, if this is the case, it is called clustering effects under ARCH framework and volatility persistence under GARCH framework, it has strong implications for market participants as it highlights the assimilation of information other than the information contained in the price (Hong, 2001; Gagnon and Karolyi, 2006; Nekhili and Naeem, 2009 ). Secondly, cross-volatility spillovers measure spillover of past information and lagged volatility of an asset/market on other asset/market (Gagnon and Karolyi, 2006) . It has also practical implications more importantly than the first one as it helps in characterizing the commodity market as dominant or satellite trading platform (see, Karmakar, 2009; Mahalik, Acharya and Babu, 2010; Du, Yu and Hayes, 2011; Liu and An, 2011; Arouria, Jouini, and Khuong, 2012, among others) . This paper also sets to examine the process of how volatility in the oil futures prices changes across markets. Since, oil prices in examined countries play important role in driving economic growth and among sample commodity exchanges, it is important for market participants to understand the volatility spillovers process across these exchanges and their dominance in oil trading. In particular, the study empirically examines the first and second moments properties of oil futures traded on three sample exchanges. Much of the research to date has focused on the interaction between the cash and the futures tiers of the crude oil market. The present study tries to answer the following research questions: Firstly, which is the dominant trading platform for crude oil trading (WTI) globally by comparing the information linkages between NYMEX and ICE, the two leading international trading platforms for oil futures contracts? Secondly, what is the information transmission process between these mature trading platforms and an emerging market trading platform such as MCX? In order to address these questions, the study sets to examine the following objectives:
(i) to examine the lead-lag relationship between spot and futures prices and between futures prices of sample markets;
(ii) to investigate the volatility spillovers among sample markets in order to ascertain the dominant and satellite platforms.
Literature Review
In this section, we mainly focus on the subject of information linkages among strategically located crude oil markets where research has been restricted to the financial markets , prior research has focused mainly on financial market and comparatively less attention has paid to the commodity and foreign exchange markets (see Koutmos and Booth, 1995; Hamao, Masulis, and Ng, 1990; Hong, 2001) . Notable studies relating to energy products (see Antoniou and Foster, 1992; Ng and Pirrong, 1996; Tse and Booth, 1997; Lin and Tamvakis, 2001; Ewing, Malik and Ozfidan 2002; Hammoudeh, Li and Jeon, 2003; Lanza, Manera and McAleer, 2006; Malik and Hammoudeh, 2007; Mu, 2007; Hammoudeh and Yuan, 2008; Kaufmann and Ullman, 2009; Bekiros and Diks, 2008; Nomikos and Andriosopoulos, 2012; Arouri, Jouini, and Khuong, 2012; Ji and Fan, 2012) . So far, none of the study has examined the price discovery and volatility spillovers by taking into account the recent changes in international economic dynamics and strong upheavals in energy products particularly the crude oil.
The study of Tse and Booth (1997) examines the information transmission between New York heating oil futures and London gas oil futures and reports that the former is more dominant market than later. The findings of their study imply that the information share can also determine the nature of the market. Lin and Tamvakis (2001) examine the spillover effects between NYMEX and London's International Petroleum Exchange (IPE) crude oil futures markets for the period 4 January, 1994 to 30 June, 1997. Broadly, the study reports that there is stronger volatility spillover from NYMEX to IPE when traded in different hours. Using Dynamic Conditional Correlations (DCC -GARCH), Lanza, Manera, and McAleer (2006) examine the daily returns on West Texas Intermediate (WTI) oil forward and futures prices for the period 3 January, 1985 to 16 January, 2004. The study finds the evidence of dramatic aberrations in time-varying conditional correlations with the magnitude being negative to zero. They further report strong variaitions in correlation patterns which is in contrast with the common view that usually suggests high correlation between futures prices of different maturit Spargoli and Zagaglia (2007) examine the comovement between futures markets for crude oil traded on NYMEX and ICE for the period 26 April, 1993 to 26 April, 2007 . Using structural BEKK-GARCH model, the study reports that during the turmoil period, NYMEX reacts on the arrival of new information more quicker than ICE. This further implies that NYMEX assimilates new price related information quicker than ICE. Bekiros and Diks (2008) examine relationship between futures and spot prices of WTI under different time intervals by aplying the linear and nonlinear causal relationships for the period October, 1991 to October 2007. The study analyses two sample periods namely PI which spans (1991 to 1999) and PII (1999 PII ( to 2007 . More importantly, the study highlights the weaknesses related with the first moment relationship (lead-lag relationship) with the use of nonlinear causality test. Based on the linear cauality results, the study finds bi-directional Granger causality between spot and futures prices in both periods, whereas the nonlinear causality results suggest the uni-directional causal relationship from spot to futures prices only in PII. Kaufmann and Ullman (2009) examine the unified nature of global oil market by way of investigating the causal relationships among prices for crude oils from Africa, Europe, Middle East and North America on both spot and futures markets. The study also includes different variants of crude oil such as WTI, BB, Maya, Bonny Light, Dubai-Fateh. The study reports the weak relationship between futures and spot prices. The study also finds that spot prices of Dubai-Fateh lead the other spot and futures prices, while among other crude oil futures and spot prices, WTI leads other exchanges and contracts. However, studies have also examined the information transmission of oil under different dimensions by linking the oil with metals and stock markets. In this regard, Lean, McAleer, and Wong (2010) examine the market efficiency of oil futures and spot prices prices of WTI by applying both mean-variance (MV) and stochastic dominance (SD) approaches. The study reports no evidence of any MV and SD relationships between examined series. The study also concludes that spot and futures donot dominate one another. Hence, there is no arbitrage opportunity between futures and spot markets.
More recently, Arouria, Jouini and Khuong (2012) examine the impact of oil price fluctuations on European equity markets by analysing the volatility spillover and hedging effectiveness. Based on the results of Vector Autoregression (VAR-GARCH) model, they find strong evidence of significant volatility spillovers between oil price and sector stock returns. Their findings imply that the volatility in the oil futures impacts the sector stock returns considerably. This further means that there is stronger flow of information from oil futures to sector stock returns. In Indian context, Goyal and Tripathi (2012) exmine the lead-lag relationship between spot and futures of crude oil by applying mutual and across exchange causality tests. Using the daily data of US WTI crude oil spot prices, UK Brent spot, MCX WTI spot, the study finds the evidence of price discovery in mature exchnages, where spot prices lead futures prices under VECM framework. The study further reports the reverse causality from emerging to mature exchnages. Ewing and Malik (2013) examine the volatility tranmission between gold and oil futures by taking into account the strcutural breaks. Using univarate and bi-variate GARCH models, the study finds the strong evidence of significant volatility transmission between gold and oil returns after taking into account the structural breaks in variance. By and large the findings of recent studies as mentioned above are not in line with the present work. To summarize, we can say that while there is a broad consensus on the role of information linkages across markets, the issue is still unsettled especially in the light of the recent turbulent periods which have jolted the commodity markets across globe especially the crude oil prices taking northward trend. Moreover, the futures markets in emerging countries are characterized by low liquidity and less efficient trading systems (Tomek, 1980; Carter, 1989) , making them different from the counterpart markets in mature www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 5, No. 5; countries. Under emerging market framework, this is the first attempt to examine the price discovery and volatility spillovers by taking into account more recent period, which has still been unexplored in cross-market framework, is of great importance as it is the time when these trading platforms have achieved a higher level of trading liquidity and there may be strengthening of international linkages in terms of energy products.
Methodology

Process of Price Discovery and Cointegration
At first stage, stationarity condition using conventional methods of unit root tests viz., Augmented Dickey Fuller (ADF), Phillips and Perron (PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests have been used to check for stationarity for all sample series. Following Zhong, Darrat and Otero (2004) and Hou and Li (2012) , we apply Johansen and Juselius (1992) test to exhibit the long-run relationship followed by vector error correction model (VECM) as mentioned in equations (1) and (2). The bivariate co-integrated series :
Note that is the lagged error correction (EC) term.
The error correction model of the bivariate co-integrated series is represented by a vector error correction model (VECM):
Where, is the lagged EC term.
Given the large number of parameters that would have to be estimated in the spillover model (discussed in subsection in 3.2), a two-step procedure similar to that implemented by Bekaert and Harvey (1997) , Tse (1999) , Ng (2000) and Rittler (2012) has been considered in this study. In the first step, a VECM is estimated to obtain the residuals. In the second step, first stage residuals are used to estimate the volatility spillovers between spot and futures prices and between the futures prices of both markets.
Process of Volatility Spillovers
Numerous studies have investigated the process of volatility spillover to exhibit the spread of news from one market that affects the volatility spillover process of another market. Considering the volatility spillovers across markets, the important studies in the existing literature are of Hamao, Masulis and Ng (1990) , Koutmos and Booth (1995) and Lin, Engle and Ito (1994) for US, UK and Japanese Stock markets and Booth, Martikainen and Tse (1997) and Christofi and Pericli (1999) in other international stock markets. Most studies in the literature have used different variants of GARCH models to study the volatility spillovers between markets. Engle, Ito and Lin (1990) introduced the GARCH models to examine the volatility spillovers. According to Chan, Chan and Karolyi (1991) , it is the volatility which determines the flow of information from one market to another and not just the simple price change. (Note 2)
Keeping in view the above mentioned literature, we now set up a model on the basis of the standardized residuals obtained from the VECM. The GARCH-BEKK (Baba, Engle, Kraft and Kroner, 1990) model is used to model the volatility spillover dynamics between futures and spot prices and between futures prices of ICE, MCX and NYMEX. Apart from BEKK model, constant conditional correlation (CCC) and dynamic conditional correlation (DCC) models are employed to infer upon the constant and time-varying correlation patterns of sample oil price series under consideration. A brief description of each model is mentioned below.
GARCH (BEKK) Model
The BEKK model is the most natural way to deal with the multivariate matrix operations. In this study, the model is implemented on the residuals of the series under following specification.
( , )',
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where In equation 5, is the estimated residual of the sample series. is a random error term with conditional variance . denotes the market information at time t-1. Equation (5) 
Where the individual elements of C, A and B matrices for equation (6) are mentioned below:
, and
The off-diagonal elements of matrix A ( and ) represent the short-term volatility spillover (ARCH effect)
from market 1 to another market 2. The off-diagonal elements of matrix B ( and ) represent the long-term volatility spillover (GARCH effect) in the same manner as mentioned above.
CCC and DCC-GARCH Models
Engle (2002) dynamic conditional correlation (DCC) model is estimated in two steps. In the first step, GARCH parameters are estimated followed by correlations in the second step.
In equation (7), is the conditional covariance matrix as in our case, is the conditional correlation matrix and is a diagonal matrix with time-varying standard deviations on the diagonal.
Where is a symmetric positive definite matrix:
is the 2×2 unconditional correlation matrix of the standardized residuals . The parameters θ 1 and θ 2 are non-negative with a sum of less than unity. Under the condition of = and equation (9) becomes constant conditional correlation (CCC) model.
The MGARCH models are estimated by Quasi-Maximum Likelihood Estimation (QMLE) using the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm. T statistics are calculated using a robust estimate of the covariance matrix (see Sadorsky, 2012) .
Data
The sample data for the daily spot and futures prices of NYMEX, ICE and MCX for WTI have been retrieved from the Bloomberg database. All closing prices of futures series are taken for the nearest contract to maturity (see Zhong, Darrat and Otero, 2004 
Empirical Results
The time-series graphs of actual WTI crude oil prices clearly exhibit the evidence of similar movement in prices, implying that there is not much scope of arbitration in oil market and the relevant market information is intercepted by each sample market immediately (see Figure 1 ). Figure 2) . While the first clustering period can be identified with the global economic crisis and its aftermath, second clustering period is linked with the phase when the Eurozone crisis intensified. The return behaviour of each market appears to be similar as it has been observed in case of actual prices. But it would be interesting to see how the behaviour of these markets changes in terms of their price discovery under first moment condition and volatility spillover in second moments. The descriptive statistics of sample oil futures and spot series as shown in Table 1 (Note 4). The mean returns of WTI crude oil appear to be almost same across markets. The highest mean daily returns are observed in case of NYMEX and SPOT which is 0.021 percent and lowest in case of ICE, MCX and MCXSPOT which is 0.020 percent. The standard deviation as a measure of volatility is highest for SPOT (2.559) and NYMEX (2.538) followed by ICE (2.477) and MCXSPOT (2.437). Strikingly, the lowest volatile market appears to be MCX which has volatility of 2.252. However, this low volatility may be the outcome of lower information flows owing to less trading volume coupled with relatively greater price regulations in an emerging market like India. In general, the risk-returns relationship is positive for all sample series under consideration. The volatility measures are more than hundred times larger than the mean values. All returns series exhibit positive skewness and are also leptokurtic. This automatically leads to the violation of normality assumption as exhibited by Jarque-Bera (JB) statistics. LB statistics is reported up to 10 lags.
Tests of Stationarity and Price Discovery Process
Stationarity conditions of the oil futures-spot price series expressed in logarithmic form are tested by conventional ADF, PP and KPSS tests (see Table 2 ). All unit root tests clearly confirm the existence of unit root at level and exhibit stationarity at first difference for all oil price series. The results of Johansen and Juselius (1992) test of cointegration indicate that all sample oil price series exhibit the long-run relationship, confirming the strong informational linkages between spot and futures as well as between futures prices of the examined sample trading platforms (Table, 3 The results indicate that in case of between spot and futures prices of all sample markets, the speed of adjustment co-efficient (β 2 ) appears to be greater in spot than the futures market, indicating that when the co-integrated series is in disequilibrium in the short-run, it is the spot price (cash market) that makes greater adjustment than the futures price (futures market) in order to restore the equilibrium. In other words, futures www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 5; price leads the spot price in price discovery process. From investment strategy perspective, the significantly negative EC term for spot series implies that spot prices are over-valued in all sample markets. In contrast, significantly positive is reported only for NYMEX futures implying that the futures prices in these markets are relatively undervalued. The information provides market traders an incentive to sell/short-sell oil in spot and buys oil futures and exercise lending options to make arbitrage profits. Such an arbitrage process is probably ensuring a long-run equilibrium relationship between spot and futures prices in these markets as confirmed by cointegration results. The causality test reconfirms our findings that there is an observable bilateral causality between all sample futures and spot prices which is stronger from former to latter. In sum, oil futures prices help in discovery of oil spot prices. Notes: a) * indicates level of significance at 1%, based of which order of integration is decided. b). The lag structure is decided based on the minimum values of the Akaike information Criterion. Vol. 5, No. 5; In cross market analysis, a long-run equilibrium relationship is again confirmed between futures prices of all sample markets, there are significant EC terms for all futures series with the exception of ICE/NYMEX, thereby implying that any departures from equilibrium are significant. Based on the magnitude of EC co-efficient and its statistical significance, it can be inferred that among all three futures markets, it is the ICE which leads NYMEX and MCX futures markets in price discovery process. In other words, ICE futures prices assimilate new information quicker than NYMEX and MCX. Strikingly, in case of NYMEX and MCX futures prices, speed of adjustment is by and large same, indicating that MCX is fastly getting integrated with global trading platforms in case of oil. From global investor's perspective, the ICE futures seem to be relatively over-valued owing to as depicted by significantly negative coefficient. The arbitrage process may involve selling ICE futures and buying NYMEX futures to reap short-term profits. The causality tests provide a reconfirmation that ICE seems to be the dominant platform in the crude oil price discovery process followed by NYMEX and then MCX. However, the price discovery results of VECM are further substantiated by the Granger causality results (see Table 5 ). The results indicate bidirectional causal relationship between spot and futures prices of sample oil markets with stronger causality moving from futures to spot. Indicating that futures price leads the spot price in price discovery process. However, among three oil trading platforms prices analysed pairwise, it appears that ICE strongly Granger causes NYMEX and MCX as the magnitude of F-statistics of ICE is found to be higher than MCX and NYMEX. In case of between NYMEX and MCX, NYMEX stronger Granger causes MCX, implying that in international oil market, ICE futures prices assimilate new market information quicker than NYMEX and MCX for price discovery. 
Volatility Spillovers Process
The estimated results of GARCH-BEKK model to examine the volatility spillovers among sample countries are shown in Table 6 (Panel A to F). The volatility spillover results between ICE futures and its SPOT shown in Panel (A) confirm that there is ARCH effect only in case of SPOT. This implies that past innovations of SPOT prices have significant and positive impact on the current SPOT volatility. Turning to cross volatility spillover effects in the short-run, the results indicate that there are bilateral volatility spillovers between ICE and SPOT prices with stronger volatility spillover moving from ICE futures to SPOT. It may be noted that in case of ICE, the past innovations in spot prices impact the current futures price volatility positively while exactly opposite is the case from futures to spot. With respect to long-term effects of ICE futures and spot, the results indicate that there is strong evidence of volatility persistence, implying that there is strong GARCH effect in case of futures and spot. This further means that the past volatility of current futures/spot prices impacts the current volatility futures/spot significantly. Surprisingly, the volatility persistence appears to be stronger in futures compared to spot. Turning to cross market long-term volatility spillovers, the results indicate that there are bilateral volatility spillovers between spot and futures with stronger volatility spillover moving from futures to spot. It may here be noted that unlike short-term, the past volatility of SPOT impacts the current volatility of futures (ICE) negatively while futures price volatility spot price volatility positively.
Similarly, in case of MCX in the short-run, the spillover results indicate that there is no ARCH effect in futures and spot prices. While, there is unilateral volatility spillover moving from futures to spot. The spillover appears www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 5; to be negative implying that the past innovations in futures market impact the current spot market inversely in the short-term. With respect to long-term spillovers, the results indicate strong evidence of volatility persistence in case of futures and spot prices. The results imply that the past volatility of futures and spot impact their current futures and spot considerably. Strikingly, there appears to be no long-term cross-market volatility spillovers between spot and futures prices in case of MCX. With respect to NYMEX (see Panel C), the results indicate that there is a positive short-term clustering in case of SPOT prices. Surprisingly, there is no cross-market spillover implying that in the short-term, it is only the SPOT market which bears the impact of past innovations in the market. Turning to long-term volatility spillovers, the results indicate no evidence of volatility persistence. However, there is a negative volatility spillover moving from futures to spot, while, inverse is not found. Notes: Models estimated using QMLE with robust (heteroskedasticity/misspecification) standard errors. μ i denotes the mean equation
coefficients. In the variance equations, c denotes the constant terms, α denotes the ARCH terms and β denotes the GARCH terms. The coefficient α 12 for example can be interpreted as the short-term volatility spillover moving from ICE futures to its SPOT in Panel, rest of the panels are also interpreted in the same manner, respectively. While, β 12 represents the long-term volatility spillover from ICE to SPOT for is interpreted in the same manner as above. * denotes the level of significance at 5% and better for panels A toF, respectively.
In sum, we confirm bilateral volatility spillover between ICE futures and spot in both futures as well as spot in the long-run which is stronger from former to latter. Further, a unilateral volatility spillover from futures to spot is confirmed for MCX in the short-term and for NYMEX only in the long-term. Thus, the oil futures seem to have a destabilizing effect on spot prices which should be of concern to policy makers and regulators. With respect to futures markets volatility spillovers involving futures prices, we start with ICE and NYMEX results which indicate that there are no significant own as well as cross-market spillovers in the short-term (see Panel D). The long-term volatility spillover results exhibit high volatility persistence in case of both ICE as well as NYMEX. This implies that the past volatility of ICE and NYMEX impact their current volatility considerably. With respect to cross-market spillover, the results indicate only one way volatility spillover moving from www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 5; NYMEX to ICE. This is in contrast with price discovery results especially the Granger causality which indicates ICE as the lead market. To summarize, we can say that the volatility spillover results are more or less in line with price discovery results.
Turning to cross-market volatility spillover, there is a case of unilateral volatility spillover in each market, implying that the information flow across markets is not symmetric. However, there is also strong finding that comes out from this study is the evidence of strong volatility persistence in most of the sample markets. This implies that own volatility spillover is stronger than the cross-market spillovers. The possible explanation could be due to the domestic reasons such as longer trading hours, presence of more noise trader than value traders and regulatory regime which could have strong bearing on the market. However, the spot and futures market results indicate that it is the futures price which assimilates new information quicker than spot in each sample market with the exception of MCX. Turning to cross-market volatility spillovers, the results indicate that between ICE and NYMEX, the volatility spillover of NYMEX appears to have stronger effect on ICE. Similarly in case of ICE and MCX, the spillover impact of MCX is stronger in the short-term while in the long-term ICE dominates over MCX. While, MCX futures price volatility impacts NYMEX futures price volatility. NYMEX seems to be the dominant market vis-a-vis ICE while the later more dominant platform in price discovery process.
Turning to constant and time-varying dynamic conditional correlations, the results of CCC model suggest that there is strong correlation between each pair of market. But based on the magnitude of correlations, it appears that the correlation is high between NYMEX and its SPOT (0.97) and is significant followed by ICE and its SPOT (0.93) and MCX and its MCXSPOT (0.54). With respect to cross market correlations, the results indicate the high correlation between ICE and NYMEX (0.95) followed by ICE and MCX (0.83) and MCX and NYMEX (0.80). The CCC model provides interesting results. MCX futures exhibit greater association with international counterpart exchanges then its local spot market. This implies that emerging market platforms like MCX exhibit greater integration with international markets than at domestic level. This may be due to nature of oil as an international commodity and the possible market microstructure differences between futures and spot markets, making the former more informationally linked to each other than to their cash counterpart. Turning to DCC results, the estimated coefficients of θ (1) and θ (2) are high in each case except ICE with its SPOT and MCX with its MCXSPOT. March, 2007 , October, 2008 and October, 2010 . After that there is sudden jump in the magnitude of correlations co-efficient and reaches up to 0.90. This implies that during crisis period, the dynamic conditional correlations are generally lower and increases significantly afterwards. The possible reasons could be because of the sudden fall in demand during crisis period and once economies are bottomed out and demand resurges, closer comovement is observed between the alternative oil markets (see Sadorsky, 2012) . However, it appears that there is again fall in dynamic conditional correlations during June, 2012 to October, 2012, as can be observed from the graph. To conclude, we can say that there is a clear trend in the dynamic conditional correlations patterns of examined markets during crisis event and normally the correlations appear to be higher afterwards. Finally, we go for diagnostic checking of the model, the diagnostic tests for the standardized residuals and its squared values exhibit no evidence of serial correlation at the 1% level across all the models applied (see Table 7 ). 
Conclusion
This paper examines the price discovery and volatility spillovers between spot and futures and between futures prices of three markets viz., ICE, MCX and NYMEX. The results confirm the price discovery between spot and futures and among sample futures markets. Between spot and futures, the futures price leads the spot price in price discovery process, implying that futures prices assimilate new market information quicker than spot in all sample markets which is in contrast with Goyal and Tripathi (2012) . The results of futures prices of three markets analysed pairwise indicate that ICE is the more dominant market followed by NYMEX and MCX in terms of price discovery. Causality test results further confirm a two way information transmission between spot and futures markets which is stronger from former to the later. Two-ways information linkages between pair of futures markets which are stronger from ICE to NYMEX, ICE to MCX and NYMEX to MCX. The volatility spillover results indicate that it is the futures price which assimilates new information quicker than spot in each sample market with the exception of MCX. Turning to cross-market volatility spillovers, the results show that between ICE and NYMEX, the volatility spillover of NYMEX appears to have stronger effect on ICE. Similarly in case of ICE and NYMEX, the spillover impact of MCX is stronger in the short-term while in the long-term ICE dominates over MCX. Seemingly, between NYMEX and MCX, it is the NYMEX in the short-term which has stronger spillover than MCX. While opposite is the case found in the long-run. Based on the results, we conclude that in terms of volatility spillovers, it is the NYMEX which appears to be dominant market while ICE and MCX appear to be equally competing markets which is in line with Spargoli and Zagaglia (2007) . The CCC www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 5; model results show strong co-movement between ICE futures, NYMEX futures and their spot platforms. For MCX, the cross market association (between futures prices) seems to be much stronger than with in market association (between spot and futures), thus implying that emerging market platform for oil is more integrated with its international exchanges than with the domestic spot markets. The DCC results confirm stronger cross market and with in market association confirm weaker during the economic crisis period which seem to become stronger for stable period.
The research has strong implications for policy makers as well as market traders. The mature market trading platforms like ICE and NYMEX seem to be dominant with regard to information dissemination on oil trading vis-à-vis emerging market platforms like MCX which clearly appears to be a satellite market. ICE seems to play leadership role in the international oil price discovery process. Hence, price quote of ICE for WTI crude should be used as a pricing benchmark by world economies including India. Futures markets for oil seem to be more informationally efficient than spot market, as expected. From risk management perspective NYMEX seems to take lead in the information transmission relating to return volatility. International futures prices seem to be more correlated with each other than with the corresponding spot prices, confirming the international nature of oil as a commodity. Finally, oil market integration seems to be stronger during stable phase than during crisis period which may have policy implications for global oil trade.
Further, the futures market volatility does have some destabilizing implications for spot prices, thus indicating that crude prices may be affected by speculative activity besides the demand-supply fundamentals and tax regimes. The market trades may exploit any departures from equilibrium in the short-run by developing appropriate arbitrage strategies. The present study contributes to commodity market literature especially that which deals with information linkages between mature and emerging market platforms and focuses on little explored area of information linkages between mature and emerging market platforms. The study is particularly relevant given the strategic importance of oil in global economy. 
